The objective of this study was to evaluate the effects of point-source nutrient addition and mussel removal on species diversity of the epibenthic assemblage of the purple mussel Perumytilus purpuratus. It was hypothesised that mussels cushion the effects of disturbance on the associated organisms and thereby favour species diversity in patches with added nutrients. In order to test this hypothesis, a two-factorial field experiment was conducted at an exposed rocky shore of northern-central Chile in which nutrient addition and mussel removal were manipulated with two levels. Experimental units consisted of 100-cm 2 mussel plots that were sampled after two months of experimental manipulations. Local nutrient addition was done with coated slow-release fertilisers. Mussel removal treatments consisted in three destructive events applied throughout the experimental phase, and each event consisted in the removal of 20% of the mussel biomass from each plot. While point-source nutrient addition had only minor effects on diversity, mussel removal had significant and negative effects on faunal species richness and the abundance of suspensionfeeders and sessile organisms. The abundance of predators/scavengers significantly decreased with mussel removal in the presence of nutrient addition. Grazers and mobile organisms were very abundant in the mussel assemblage but their abundance remained unaffected by treatments. Finally, species richness and total abundance of algae were also not affected by the treatments. Although the duration of our experiment was relatively short, we suggest that the effects of local nutrient addition are of minor importance at the study site in comparison to the effects of mussel removal. Based on our results and previous studies conducted in soft-bottom systems, we suggest that physical and biological stress acting on exposed hard-bottom communities overshadows the potential effects of local nutrient addition.
Introduction
Biogenic habitats are often generated by dominant competitors, i.e. species that monopolise the primary substratum and establish a secondary substratum for smaller organisms (Bruno et al., 2003) . Species diversity in these habitats is often comparatively high because they provide refuges from predation (Dieterich et al., 2004) , habitable space (Hacker and Steneck, 1990) , Journal of Sea Research 56 (2006) 271 -283 www.elsevier.com/locate/seares food (Thiel and Ullrich, 2002) , shelter from physical stress (Beck, 1998) , and mitigation of competitive interactions (Dean and Connell, 1987) . These effects may be particularly pronounced in harsh environments, where the presence of biogenic substrata is known to have a strong influence on species diversity (Hacker and Gaines, 1997) . However, it is not well known how the positive effects of biogenic habitats are related to other well known forces (disturbance, predation, competition, primary production) in benthic communities. Nutrient supply and disturbance have been proposed as important factors affecting diversity in ecological communities (Grime, 1977; Connell, 1978; Huston, 1979; Kondoh, 2001) . Experimental studies-conducted in soft-bottom mesocosms (Widdicombe and Austen, 2001 ) and on sheltered rocky shores (Worm et al., 2002; Jara et al., 2006) -suggest that the effect of nutrient addition depends on disturbance and vice versa, indicating strong interaction between these two factors.
Studies testing the effect of nutrient addition on diversity in the marine environment have mainly focused on the response of phytoplankton, fast-growing ephemeral macroalgae, and soft-bottom communities (reviewed by Holmer et al., 2003) . These studies have demonstrated that organic enrichment leads to an increase in growth rates of phytoplankton and ephemeral algae, resulting in subsequent changes in the community structure (Holmer et al., 2003) . Conversely, hard-bottom communities seem to be more resistant to nutrient addition than those inhabiting sedimentary substrata (Bokn et al., 2003) . Although experimental studies have reported a growth response of ephemeral algae to nutrient addition (e.g. Worm et al., 2002) , several other studies have found only a weak, or no, effect of this factor on hard-bottom communities (Bokn et al., 2002 (Bokn et al., , 2003 Kraufvelin et al., 2002) . Rocky shore systems are usually exposed to strong hydrodynamic forces, which have an important effect on community structure (Sousa, 1979; Paine and Levin, 1981) . Water movement can restrict recruitment and survival of ephemeral algae due to their susceptibility to mechanical damage caused by abrasion of waves (Sousa, 1979) . Furthermore, since hard-bottom communities harbour a diverse assemblage of mobile and herbivore organisms (Lubchenco, 1978) , an eventual increase in algae growth may attract mobile grazers, which can rapidly consume the surplus of primary productivity, and consequently the effects of nutrient addition on the community could be obscured (Worm and Sommer, 2000) . These considerations illustrate that effects of nutrient addition on the structure of hard-bottom communities are not as predictable as they are in many other marine environments.
Mussel beds are biogenic habitats that generate spatial complexity and usually have a dense multilayered structure (Alvarado and Castilla, 1996) . These complex habitats harbour an abundance of faunal organisms, including nemerteans, polychaetes, molluscs, peracarids, and decapod crustaceans (Lohse, 1993; Tokeshi and Romero, 1995; Gutiérrez et al., 2003) . Local nutrient fluxes may be strongly enhanced within mussel beds (Asmus and Asmus, 1991) . Because water exchange and wave exposure are important factors affecting the capacity of a water body to dissipate nutrient loads (Pihl et al., 1999) , reduced water movement within the mussel matrix could also favour the retention of autochthonous nutrients (Tsuchiya and Nishihira, 1985) and thus increase supply to primary producers associated with mussel beds. While mussels are able to buffer physical stress to some extent, on the outer coast mussel beds are also exposed to strong wave disturbances (disturbance encompasses removal of biomass sensu Grime, 1977 ) that induce mortality of both mussels themselves and of associated organisms (Paine and Levin, 1981) . Lift forces imposed on mussel beds by breaking waves are strong enough to dislodge mussels and initiate a gap formation process (Denny, 1987) , being an important source of physical disturbance in mussel beds. These changes in mussel abundance could result in a significant change of the community structure of inhabiting organisms (Lohse, 1993) . For example, the reduction in habitat complexity due to disturbance events could limit available shelters for associated fauna, causing increased mortality among the already established organisms. This could be particularly critical for organisms with low mobility and limited clinging abilities (Dean and Connell, 1987) .
The purple mussel Perumytilus purpuratus is a common habitat-forming species in the intertidal fringe of exposed shorelines along the Chilean coast. Since Chilean coasts are characterised by seasonal upwelling of cold, oxygen-poor, and nutrient-rich waters (Morales et al., 1996) , coastal ecosystems are exposed to a variable nutrient supply. For example, at a northern upwelling centre (23°S), nitrogen concentration can vary from 0.2 up to 23 μmol Kg − 1 (Takesue et al., 2004) . Moreover, it has been demonstrated that upwelling intensities and consumer pressure interactively affect the structure of intertidal macroalgae communities (Broitman et al., 2001; Nielsen and Navarrete, 2004) . Another feature of the Chilean coast is that, at waveswept sites, intertidal organisms are exposed to strong hydrodynamic forces (Castilla et al., 1998) , and therefore populations of P. purpuratus and their associated communities may be strongly affected by these physical disturbances.
The objective of this study was to evaluate the effects of point-source nutrient addition and mussel removal on the abundance and diversity of the epibiont assemblage of P. purpuratus. In addition, we examined the effects of nutrient addition and mussel removal on the trophic structure of the assemblage and the abundance of mobile, semi-sessile, and sessile organisms. Our hypothesis is that undisturbed and nutrient-enriched mussel beds harbour a higher abundance and diversity of associates than disturbed mussel beds under natural nutrient concentrations.
Methods

Study site
The experiment was carried out in Bahía Totoralillo Centro (30°03′S; 71°28′W), a wave-exposed bay on the northern-central coast of Chile. The bay is affected by a nearby upwelling centre thought responsible for the high biological productivity of the region (Acuña et al., 1989) . Dense patches of Perumytilus purpuratus are found in the intertidal zone on large rocky outcrops (approx. 2-20 m diameter) surrounded by sand. The total zone with mussels along the beach extends over a length of approximately 500 m. These are mussel bed islands along a coastline north of 32°S, which is largely devoid of extensive intertidal mussel beds (Broitman et al., 2001; Navarrete et al., 2005) .
Experimental design and field set-up
The dynamics of the mussel-associated community were examined in a two-factorial field experiment in which nutrient levels and mussel abundance were manipulated. The experiment was conducted between February and April of 2004. Twenty-four plots (experimental units, EUs) were randomly distributed throughout the mussel zone. Each plot consisted of a 100-cm 2 (10 × 10 cm) area, fully covered with mussels forming a multi-layered structure (0.8-3.9 cm range length). Mussel samples of a size between 50 and 200 cm 2 were shown to yield representative estimates on the numbers of species and individuals (Thiel and Ullrich, 2002) . In addition, previous studies on the effects of disturbance in mussel-dominated communities have utilised 7 × 7 cm EUs (Lenz et al., 2004a,b) , yielding significant response of the communities to experimental treatments. Moreover, these authors evaluated the effect of EU size on community structure, finding no significant response in species richness or composition (see Lenz et al., 2004a) . On 5 February 2004, for each EU, 60-70 mussels were detached from rocks, cleaned of all epibiota with a hard plastic brush, and fastened to the rock using a plastic mesh to allow them to reattach to the substratum. At the beginning of the experiment on 4 March 2004, when the mussels had firmly attached to the rock substratum, the mesh was removed and nutrient and disturbance treatments were initiated. Treatments were randomly allocated to plots. To identify plots, mussels at the edges of EUs were scraped off.
Point-source nutrient addition treatment
This factor was manipulated at two levels: (1) no addition (control), and (2) nutrient addition with 220 g of fertiliser per plot. We used a coated controlled-release fertiliser of 2-4 mm particle size (Plantacote® pluss 6M of Aglukon, Düsseldorf, Germany), which contained nitrogen (14%), phosphate (9%), potassium (15%), and small amounts of magnesium (2%) and micronutrients. The fertiliser for each plot was distributed in two nylon bags (20 cm × 3 cm) with 1 mm mesh size. Each bag was placed with its longer side parallel to one side of the EU, and attached to the rock with screws placed at each corner of the mussel plot. To exclude any possible bias from changed hydrodynamics, control plots without fertiliser addition received bags filled with inert stones.
The use of slow-release fertilisers (coated pellets and sticks) is a technique frequently employed in manipulative experiments in benthic systems (reviewed by . In sedimentary environments, nutrient treatments have resulted in 4-to 457-fold increases relative to natural concentrations. In water column enrichment studies, increases in nutrient concentration due to nutrient addition have been 50 to 150% . Moreover, these methods have been utilised successfully in manipulating nutrient concentrations in factorial experiments on the effects of disturbance (physical and biological) and nutrient addition on benthic communities (e.g. Hall et al., 2000; Hillebrand et al., 2000; Lotze et al., 2001; Worm et al., 2002) in addition to studies on the microbial activity in seagrass sediments (López and Duarte, 2004) .
Mussel removal treatment
Mussel removal was manipulated at two levels: (1) three mussel removals, or (2) no mussel removals throughout the 2-mo experimental phase. Destructive events were scheduled every two weeks. During each event, 20% of the biomass present before the disturbance was eliminated by randomly removing individual mussels from the plot. Our rationale was that the reduction of mussel coverage would increase exposure of the epibiotic assemblage to wave action and desiccation.
Sampling
Plots were sampled at the end of the experiment. In order to avoid the effect of different numbers of mussels between the mussel removal levels, we standardised the sample area by sampling a mussel surface area from each plot corresponding to 50 cm 2 . The mussels and the associated community were carefully placed in plastic vials, taking particular care to ensure that all mobile fauna was collected. Samples were preserved in 7% formalin until sorting of the associated biota in the laboratory. Samples were washed over a 250 μm sieve. The material retained in the sieve was separated under the dissecting microscope, and all organisms sorted to the lowest possible taxonomic level and counted. We classified faunal organisms according to their feeding habits (predators/scavengers, suspension feeders, deposit/ detritus feeders, and grazers) and mobility (sessile, semi-sessile, and mobile). This was done on the basis of morphological characteristics of specimens and the available literature (e.g. Fauchald and Jumars, 1979; Rouse and Pleijel, 2001; Thiel and Kruse, 2001; Brusca and Brusca, 2003) . In addition, the percent cover of algae species on each mussel was recorded at intervals of 20% of mussel surface (0, 20, 40, 60, 80 , and 100% of algal coverage). Algal patches that were too small to fit into the 20% category were registered as 1% (presence). The mean abundance of every algal species within each EU was calculated based on all mussels from the respective EU; these values were used for further analyses.
Data analysis
Separate 2-way ANOVAs were performed to test the effects of nutrient addition, mussel removal, and the interaction between treatments on species richness and the abundance of algae, in addition to species richness, evenness, total abundance, abundance of feeding guilds, and mobility groups of fauna associated with P. purpuratus. Total abundance data of algae were arcsin-transformed. Data of predator/scavenger organisms were ranked because transformation did not result in homoscedasticity of variances. Variances of other dependent variables were all homoscedastic. The Least Significant Difference test (LSD) was used as a post-hoc test.
Treatment effects on species composition of fauna were examined with a 2-way crossed ANOSIM. This is a non-parametric procedure that uses the difference between average ranked Bray-Curtis dissimilarity values among replicates between samples and within samples to calculate the R statistic. If R was significantly different from zero (alpha = 0.05), subsequent SIMPER routine revealed the contribution of single species to these dissimilarities.
Rarefaction analyses were conducted to evaluate whether associated taxa were representatively sampled. Rarefaction analyses, as well as ANOSIM and SIMPER were performed using the PRIMER 5 software package (Plymouth Marine Laboratory).
Results
General overview and species richness
Altogether we found 54 taxa, being 45 invertebrate and 9 algal species (Table 1) . The most abundant invertebrates were the Harpacticoidea spp. with 17.8 ± 23.7 individuals per 50 cm 2 (mean ± SD), Hyale grandicornis (9.2 ± 8.2 ind 50 cm − 2 ), Jehlius cirratus (4.7 ± 5.2 ind 50 cm − 2 ), and small recruits (< 5 mm) of P. purpuratus (4.5 ± 5.4 ind 50 cm − 2 ). The most abundant algae were Enteromorpha sp. and Porphyra columbina, covering 0 to 25.1% and 0 to 3.5% surface area per plot, respectively. Grazers were the most abundant feeding group (39.2 ± 27.8 ind 50 cm − 2 ), followed by suspension-feeders (21.7 ± 14.9 ind 50 cm − 2 ) and predator/scavengers (7.4 ± 5.1 ind 50 cm − 2 ), while deposit-/detritus-feeding organisms exhibited the lowest abundance, with 0.3 ± 0.7 ind 50 cm − 2 . With respect to mobility of the associated fauna, mobile organisms were the most abundant (53.5 ± 31.4 ind 50 cm − 2 ), sessile organisms reached 13.6 ± 9.3 ind 50 cm − 2 , and semi-sessiles showed a mean abundance of 2.5 ± 2.6 ind 50 cm − 2 . Rarefaction curves of the four treatment combinations reached an asymptote (Fig. 1) . Consequently, all faunal species were representatively sampled in the treatment combinations and, therefore, an increase of sampling effort (in sample size or number) would not have resulted in a significant increase of species richness. Species richness of fauna was significantly affected by the mussel removal treatment (Table 2 ). In the absence of mussel removal, species richness tended to be higher than in the presence of mussel removal. In addition, this difference tended to be stronger in the treatments with nutrient addition, but this trend was not significant (Table 2, Fig. 2 ).
Total abundance and evenness
Mussel removal and nutrient addition did not result in a significant change of total abundance (Table 2, Fig.  3) . However, the effects of mussel removal were dependent on the level of nutrient addition (Table 2) . Total abundance decreased in disturbed plots under enhanced but not under ambient nutrient levels (Fig. 3) . Neither nutrient addition nor mussel removal had an effect on the evenness of the associated fauna (Table 2 ). There also was no interactive effect on the evenness (Table 2) .
Assemblage composition
Mussel removal significantly affected the assemblage composition (ANOSIM, global R = 0.199, p = 0.017). Harpacticoidea spp. and H. grandicornis accounted for 36.2% of the variability between disturbance levels (SIMPER-analysis). Harpacticoidea spp. increased from 16.8 ± 6.6 in the undisturbed EUs to 18.8 ± 9.1 ind 50 cm − 2 in the disturbed ones, explaining 23.0% of the variability. Hyale grandicornis increased in abundance in the mussel removal treatments from 4.7 ± 6.8 to 13.7 ± 7.1 ind 50 cm − 2 , accounting for Fig. 2 . Effect of nutrient addition and mussel removal treatments on species richness (mean + SD, n = 6) of the fauna associated with Perumytilus purpuratus. Significant differences were found only between the mussel removal levels.
13.2% of the in-between level dissimilarities. Jehlius cirratus and small recruits of P. purpuratus decreased in mussel removal treatments, explaining 6.4% and 5.6% of the dissimilarities. The other species followed a similar trend and explained less than 5.3% of the dissimilarities between mussel removal levels (SIM-PER-analysis). On the other hand, the treatment of nutrient addition had no effect on the species composition (ANOSIM, global R = − 0.028, p = 0.638). However, we detected an interactive effect of nutrient addition and mussel removal on the abundance of J.
cirratus, which decreased with mussel removal only in the nutrient-added plots (ANOVA, F 1,20 = 13.23, p = 0.002, Fig. 3 ). Hyale hirtipalma seemed to exhibit a similar pattern as J. cirratus (Fig. 3) . This was because one sample of the undisturbed and enriched plots Fig. 3 . Effect of nutrient addition and mussel removal treatments on total abundance (ind 50 cm − 2 , mean + SD, n = 6) and composition of fauna associated with Perumytilus purpuratus. harboured a high abundance of amphipods, resulting in an artificially higher mean abundance, but these differences were not significant (ANOVA, F 1,20 = 0.62, p = 0.4395, Fig. 3 ).
Trophic structure and functional groups in mussel beds
Nutrient addition and mussel removal affected neither species richness nor total abundance of algae (Table 3 ). An interactive effect of these factors on the dependent variables was not detected (Table 3) . Nutrient addition and mussel removal had an interactive effect on the abundance of predator/scavenger organisms (Table  4 ). The abundance of predators/scavengers significantly decreased on nutrient-added plots with the mussel removal treatment (Fig. 4) . The abundance of suspension-feeders followed a similar pattern, but it was not statistically significant (Table 4) . Suspension-feeders were negatively affected by mussel removal (Table 4 , Fig. 4) . On the other hand, nutrient and mussel removal treatments did not affect the abundances of deposit/ Fig. 4 . Effect of nutrient addition and mussel removal treatments on the abundance of feeding guilds (ind. 50 cm − 2 , mean + SD, n = 6) of fauna associated with Perumytilus purpuratus. Treatment groups with different letter are statistically different (LSD, p < 0.05). Suspension feeders were affected only by disturbance treatment. The abundance of grazers and deposit/detritus feeders were not affected by treatments.
detritus feeders and grazers (Table 4 ). The abundance of sessile invertebrates was significantly suppressed by mussel removal (Table 5 , Fig. 5 ), but remained unaffected by nutrient addition and by the interaction of both factors (Table 5 ). Neither treatments nor interaction significantly affected the abundance of semi-sessile or of mobile organisms (Table 5 ).
Discussion
Mussel beds of Perumytilus purpuratus harboured a diverse community of epibionts. While nutrient addition had only minor effects on diversity, mussel removal had significant and negative effects on faunal species richness, and the abundance of sessile and suspensionfeeder organisms. The abundance of predator/scavenger species significantly decreased with mussel removal in the presence of nutrient addition. Finally, species richness and total abundance of algae did not change with either treatment. Our results confirm previous studies on missing nutrient effects in exposed hardbottom communities (e.g. Bokn et al., 2003) . This is in contrast to studies conducted in soft-bottom systems, which documented negative effects of organic enrichment on species diversity (Widdicombe and Austen, 2001; Holmer et al., 2003; Elías et al., 2005) . Possible reasons for these contrasting community responses between hard-bottom and soft-bottom communities are most likely physical and ecological differences between these systems.
Wave-swept sites of the north-central coasts of Chile are characterised by strong hydrodynamic activities (Castilla et al., 1998) . Therefore, factors such as water exchange and wave exposure could have influenced the weak response of the epibiotic assemblage to nutrient addition. First, water exchange may have diluted nutrient concentrations to natural levels, preventing nutrient uptake by the epibiotic primary producers. It has been suggested that water exchange modulates the effect of nutrient addition on the structure of macroalgal communities (Pihl et al., 1999) . Second, wave exposure influences the structure of littoral communities (e.g. Lubchenco, 1978) because it restricts growth and survival of ephemeral algae, which are less resistant to physical stress (waves) than larger and massive algae that usually dominate these systems (Littler and Littler, 1980) . This may result in a relatively high export of algae dislodged by wave abrasion, which sometimes constitutes an important output of biomass and energy (e.g. Bokn et al., 2003) , supporting trophic subsidies to neighbouring systems that include hard- (Rodriguez, 2003) and soft-bottom substrata (Inglis, 1989) . Accordingly, wave exposure and the subsequent export of detached algae might be important factors preventing the response of littoral communities to nutrient addition.
In our experiment, grazers and mobile organisms were the most abundant functional groups. Harpacticoid copepods, limpets, and amphipods were common in the present study and therefore their grazing pressure on growing algae could have obscured the effects of nutrient addition by selective grazing on ephemeral algae (Lubchenco, 1978) . Nutrient addition is also suggested to attract grazers because food quality increases with addition of nutrients (Worm and Sommer, 2000) . Herein, however, we did not observe a positive response of grazers to nutrient addition or disturbance. Probably, the high mobility of these species allows them to quickly move among algal patches (see Buschmann, 1990) , and therefore they could be unaffected by treatments. Finally, large-scale removal of grazers is suggested to trigger strong changes in the community structure (Nielsen and Navarrete, 2004) , demonstrating the significant top-down control by herbivory in these systems.
Differing from the general absence of effects on the abundance of grazers, the abundance of Hyale grandicornis strongly increased with mussel removal. This species inhabits exposed microhabitats in the intertidal fringe (Lancellotti and Trucco, 1993) . While the abundance of this mobile grazer showed a positive response to mussel removal, faunal species richness, abundance of sessile organisms and suspension-feeders decreased in the disturbed plots. Small polychaetes, bivalves, and barnacles mainly composed these groups. Many of these species-with the exception of barnaclesare rapidly dislodged by hydrodynamic forces in exposed habitats. This suggests that species with low mobility and poor abilities to cling to the substratum were negatively affected by mussel removal and therefore a reduction in habitat complexity decreases the niche availability for less tolerant species. Previous studies conducted in complex biogenic substrata have already demonstrated that diversity of inhabiting species is highest at low levels of disturbance (Bruno et al., 2003) , and not at intermediate levels as has been demonstrated for sessile macrobenthic communities competing for primary substrata, where disturbance prevents competitive exclusion by suppressing the abundance of the dominant species (e.g. Valdivia et al., 2005) . In the present study, we did not identify a dominant species within the epibiotic assemblage that could be reduced by the mussel removal treatment. Diversity of species inhabiting biogenic substrata often increases during succession and does not reach a plateau in mid-successional communities (McKindsey and Bourget, 2001) . Competitive exclusion, therefore, should be weak in these environments and competition might be of minor importance in regulating diversity in biogenic substrata. Herein, a slight but significant interaction between nutrient addition and mussel removal was detected. Nutrient addition tended to increase the abundance of some faunal species in the undisturbed mussel plots. Strong effects of nutrient addition have been documented in other marine environments, such as soft-bottom systems (e.g. Holmer et al., 2003) , with widespread macroalgal blooms resulting from eutrophication (Valiela et al., 1997) . In contrast to hard-bottom systems, soft-bottom habitats are usually located in sheltered areas, where dilution effects due to water movements are limited, possibly leading to a higher retention of nutrients in or near the sediment surface. Since macroalgae are also natural components of shallowwater marine and estuarine soft-bottom communities (Everett, 1994) , the relatively reduced water exchange could facilitate high local primary production (Pihl et al., 1999 ) and a significant change of diversity in response to nutrient addition (Raffaelli, 1999) . Export of detached algae from soft-bottom systems is probably also limited in comparison to exposed rocky shores, because in soft-bottom habitats detached algae usually remain in the system as floating algae until they decompose, are deposited on the shore, or sink to the bottom, affecting the underlying community (Salovius et al., 2005) . Finally, the role of herbivory also differs between soft-and hard-bottom communities. Although in mussel beds a reduction of grazer densities allows colonisation of ephemeral algae (Albrecht, 1998) , strong nutrient addition is often followed by events of severe oxygen depletion in the sediments (Wetzel et al., 2002) causing death or emigration of mobile fauna (Valiela et al., 1997; Reise, 2002) . Mussels themselves may enhance these processes by increasing organic enrichment of accumulated sediments (Commito et al., 2005) . These features reduce the importance of herbivory with increasing nutrient load in soft-bottom systems. Consequently, it is considered likely that accumulation of ephemeral algae caused by nutrient addition, and the subsequent changes in faunal diversity are higher in soft-bottom systems than on exposed rocky shores. In summary, disturbance appears to exert a control on the faunal diversity in exposed hard-bottom mussel beds by various mechanisms, thereby restricting the potential effects of nutrient addition on these communities.
